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An el.ectromat~.etic.enalo~model
ma%edfromliftin&13netheo& %itla.anarbj.tr?qfsiring”nom?the
elevatortip, oz.a thinel~liptlchorizontaltailsurfaceofaspsct
ratio3 witha O.5-chor~0.85-spanplelnelcwatcwwasconstrwtti
andtested..Theas~ct-rat:oc~~~tio~ tC ~.e~fi ~d.~uc
mcmentswerecalculatedfrcunthemsasuredresults.

A ccqartsonoftheasped-r~tiocorrectionsforthepertlai-
8p2nele:’atorswesIns&ewiththosepA*eviouslyprosmte&:032full-
spanele-mtors.Thecqarlmn Ind.i.ceteqthattheincremmtal
13tfferencein‘&eLiftparmmtersbetween&hefulLsEanandthe
partid-s~nelevatorszwybe estimatedSat:sfactortiyty llftiq+
Mne theory.Theincrementaldlfferencsforthecum-eOFtinge-
mcrmntcoeffictentag&instcngleOS attackisusuallysmell.OliQv
ebout10percentoftheincrementaldifferencefox&heslopeofthe
cmwe ofhiaso-momentcoefficientcgainstelevetordeflectionis
@ven by Iifttng-1+-netheory;thetotalliftinq-suri’=ce-theow
incrementis -O.000Sperdegresfortheccnfl~~o,tion consii%red..

Wind-tunnelresultsfora tailsurfaceofthesameplanform
arepresented..Th6clifferexesin estimated.lifting-surfaceaspect-
r~tio correctionsforthefU- spanand.thepartial-spancsseswa’e
checkedsatisfactwily by thee~erjnwntddate.A fewtestswith
2 CU.t-OUtforthertifler~*re~~0 pres~~te~c The effectsofthe
cut-outonthehinge-uomentcharacteristicswwe large.

n“molmc!mm

A methodwaspresentedinreference1 fores’if.~tingthefin~te.
spanvaluesottheliftmd h:nge-momentparcmmtersoffull-span



elevatorsfromthesectiondata.Thepresentinvestigationwas
undertaken;a ordertoprovidesomedatafromwhichtheliftand
hinge-mmentparametersforpartial-spanekvatcmscouldbe esti-
mated.Thecasepresentetlisthatofa thinelliptichorizontal
tailsurfaceofaspectratio3 witha 0.5-chord0.85-spanplain
elevator.

References1 and2 showedthatitM necessaryto useliftLng-
surface-theoryaspect-ratiocorrections to estimatesatj.sfactorily
thefinite-spanhinge-mcmentparameters.Liftil~~-s~face-theory
solutionsam usuallydeterminedby a rapidlyconve~gingprocess
of successiveapproximations,ofwhichthefirst approximationis
thelifting-line-theorysolution,Foryartlal-spanelevatorsor
flaps,howevor,tinecontourlinesofconstantc~.rculationstrength
(seerefcmeilce#3 and4) calculatedbymeansoflifting-linetheory
haveabrwptdiscontinuitiesneartheelevatortip,asshownby the

rcontourlinesof thecirculationfunction— infigure1. Since
I’m.

suchsharpbend~inthecontomlinesexesmoothodoutby amodynamic
induction,a moresatisfactoryloadingmybe obtainedforthenext
approxbmtionby arbitrarilyfairingthecontourUncs sothatthey
aresmoothintheregionjustupstreamofthselevatortip, Tho
contourlinesontheelevator3tsoU aresmooth&m&theroforonood
notbe altered.,Inorderto o%talnmm ideaoftimbestmeansof

.

accomplishing thisfalrirq,thethree-dimensionalprc.emre-distrilnrtion
dataofreference5 fora rectangularwingwitlhpcrtial-spmsplft e
flapswereintegratedto obtaincontourlinesof conotantcirculation
strength.~orcoqmrlson,thecontourlinesforthoexperimental
spanloading,dividedintoflap-typeandar+j>o-of-attack-typo
loadings(reference6)by useoftheprindiplosoflifting-llno
theory,werealsoconstructed.Bothsetsof contourlinesare@vcm
infi.gum2. Infigure3 arepresentedthecontol-mUnes offiguro1
refairedsimilarlytothecontourlinesofWm:mqmrhwntal data
presentedinfi~e 2.

*

An electromgnetic-analogymodelhavin~theconbourlinesof
fi@rc 3 wasthenconstructedandtested.Thoincremxrballiftin~-
surface-thmryaspect-ratiocorrectlormwerodoto-nninodby calculattig
theincrementsofchordwisoandspanwlsoloadincthatwouldrcoult
fora liftingsurfaceshapedto correspmdto W1Odifferencelotwmn
themeasureddownwashandthedownwashdotorm+aedfromthotwo-
dtiensionaltheoriesforthesamecontourpattern(fig.3). h the
ca.lculatj.onoftheincrementsoftheliftandMnge-mamentpamametcrs
(additional.aspect-ratiocorrections),thedifferencebdnmentho
downwashmeamredforthefairodcontourpatternoffi=-e 3 andtho
downwe.shcalculatedfromtho2 two-dimensionalthsoriesforthemme
contourpatternareaesmedtohonearlyequaltothecorre~ponding

.
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differenceinthe
patternoffigrcre

3

measuredandcalculated.downwaahforthecontour
1.

~ ordertoprovidean experimentalcheckoftheaspect-ratio
corrections,somewfnd-fx.znneltests wereMb of e modelof the same
planfcmnandofNACA0009airfoilsection,w?.thbo+~full-spanand
partial-spanelevators.Theresults,togethertithsome.adtitional
datashow3ngtheeffectof elevatacut-outs,arepresentedin
appendixA.

Thehings-mamentcorrectionsfor “feelerailerons”(small-span
@-de-chordaileronsat thewdngtips)desi~edtoprovidethestick
feelforthti-plate,rectractable-t~e,la.terall.-contioldevicesare
of currentinterest.In ordertoprcmldesomedataforthesearrange-
ments,thehinge-momentasyect-ratfocorrectionsfora 0.’5-chord
0.15-&panfeel;raileron~ a
sunznarizedinappendix’B.

I’
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wingofaspectratto3 arebriefly “,

SYMBOLS ~

circulationstrength

liftcoefficient

sectionliftcoefficient

sectionhtige-momontcoefficient

hingGacmlentcoefficient

sectionslopeoflfftcurve,perradian

angleofattack .

0

Cz
effectiveanajleofattack,radian= —

\a.

two-dimensionalangleofattack

elevatordeflection
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A

F

v

tab?letl.ection

verticalcomponentof inducedvelocity

Jonesedge-velocttycorrectionfactorforlift(refcrc?nce7)

effectiveedge-velocitycormctionforHft ofellipticting
wit??partial-spanflep(seereferences1 cnxi7)

free-~treaznvelocity

chordwisedistancefromwinglea~nge~e

chordxisedistancefronwingleadingewe topointatwhich
dovnwawhisdesired

spanwlsedietancefromplaneof i3~etry

chord

spanoftail

MC pressure

areaoftail

hinge-momentfactorfortheoreticalloadcaused.by strcxmM.ne-
Cum-ature correction(referenco1)

e~erimmtellydeterminedreductionfactorfor F to include
theeffectsofviscosity(reference1)

incr~nt

incremembofparamete~;valueforelevetorwith~ul.1-span
flapminusvalueforelevatorwithpartial-spanflap
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At t incrmnentofpar.mneter;valueforelevatorwithno cut-out
mhms vslueforelevatorwithcut-out

Parameters:

= a.

!i!hesubscriptoutsidetheparenthesisindicatesthefsctorheld
ccznstcmtindeterminhgtheparameter.

I SubscrZytH:

TJ lifting-ls~etheory

LIM modifiedlifting-linetheory

B liftlqysrmfacetheory

strip strip

max msxiwml

m trailingedge

e elevatoror effectLve

F flap
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5 elevator-iieflection-t~e load

a angle-of-a.ttack-t~eload

% incrementalinduced angle-of-attack-tyye

i induced

Sc streamlinecurvature

Angularmeasuresareinradiansinthetextand
appendixesA andB andtableI unlesssyectiied

EIJKX!ROMAGNETIC-ANKUX2Y MODEL

NACATNNo.2.275

load

Liftinfl-line-theoryvortexpattern.-‘lhcvortexpatternfGran
el.lip=c-tailmrfa.coofaspectratio3 at zeroan@e ofattackwflth
a 0.5-chordO.@J-epanelevatordeflectedisde~ired.In orderto
determinethevortexpattern,itisnecessaryto knowthesy$uiload
distributionas estinatedfromlifting-linetheoryandthechordload
distributionas estimatedfromthin-airfoilthem~y.

Thespsnloaddistributionforan elli~tictinghavin~an as~ect
ratioof 3 anda secticnelopeoftheliftcv.neof !2Yrperradian
andwith0.85-s~anelevatorvssdeterminedquiteaccuratelyfrcm
uqpubllshedinfluenceMues similartothocoofi’efcreznce8,but
calculatedforellipticwings.Thespanloaddistribution,in terms

Cae
oftheyarameter— Is@.ven infigule4,c#

Thechordwisecirculationfunction 2r— mustbe
Ccz-r

a flatplateatanangleofattackanda flz?.tDluteat

lmownforboth

zeroa.gleof
attackwitha 0.5-chordeleva-tordefletied.‘me matheML~eal-
eqmessionsforthesofunctionsaregi-~eninreferences3 and~,and
curvesofthefunctionsas estimatedfromthin-airfoiltheoryaro
presentedinfiguro5.

~ ordertc constructthovortoxpattexm,itiunecessaryto
/ Cccedeterminehowmuchoftheload~— offig.4

)
at eachsectionis

\Csa
elevator-t~eloadingandhowmuchisanglo-of-attack-t~cloading.
Accordingto theassumptionsM lifting-l~netheory,theamountof
elevator-typeloadingiethatgivenby striptkoory;that:s,this

.
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loadingis equaltothetwo-dimensionalloadin~witheero-c
inductionneglected.Theinducedloadingis entirelyangle-of-
attack-typeloadingandis equaltotheloadin~obtainedby strip
theoryminustheactualresultantloadinggiveninfigure4.

The=trip-theoryleadingovertheelevatorspanintermsof
cae

theparameter— isequalto ~ (seefifj.k) afice ae= a by
csa

definition.Thecirculationstrengthof elem%or-typeloadingthere-.

()2r cforeisequalto — Thecirculationstrengthofan@.e-of-
cc~v ~“Q

u

attack-typeloadingisthenequalto
(%!!: -~). .f d,

valuesofcirculationstrengbharedividedby themexbm.mlvalueat
thewingcentersection,thevaluesof r}~mx. at anyspe.ntise

Ystation— andat
b/2

frcmfigures4 ant 5

frcmO toO.*,

r
r—

max

anychordwisestattonx/c canbe determined
rby theformulasthat”follow.I!’orvaluesof —
b~2

(S).:-(%)g=!)
()m—.‘Cacz-r

max

Torvaluesof ~ I?romo*@ to la,
b~k

(la)

rContourlinesof — determinedfromequaticns(1)forthiscon-rmx
figurationaregiveninfj,gure1.
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Modiffedlifting-line-theoryvortexpattern,-% etatedinthe——— ——
“?htroduction,,”it is dL8~hd&I to fairthecontormlinesarbitrarily
in theregfonjustaheadoftheelevatortipinorderto simplify
theconstructionofthemodelandtoaccountap~o.ximatelyforthe
knownsmoothingoffectmofaerodynamicLnduction.Thefairingovor
theregionoccupiedby theelevatorwasnotalt,:rad.me contGmr
linesoffigure3 woreobtainedbyfairingthocurvesoffigure1
similarlytothecontourlinesoffigure2. !Nlocontourlinesof
ftgure3 werothenusedasthefirstmmroxSmatIonto thecirculation
strength(calledmodiffedliftfng-ltne~~heoryloadins).

ConstructionofModel

An electrou~etic-~lo~mdel (fig.6) of the load@
representedby the contourlines of fi.,quzze3 ms constructedmd
tested. Themodelwasconstructedof’ 100 wtim rqn’mentinsthe
fncre~mtalvortices. Thewiresusedwero3.& S.No.15 gafie
(0.0573n.diem.)copper.TheSPenofthe?nMelww 100inches.and
thewakeetionded2*~-semispans‘fromtheleadingeilgoofthoro~t
Section.Thetestsetup,measuringequipment,andmethodswGre
similarto thosedescribedInreference4.

‘ZD?TINW3UFIFACE-!ITI!301?YCALcmATIoNsI?ORImNwm

Becausetheadditimallifting-surface-theoryplan-formcor-
rec’hionsa~odetermino~fromthedifferoacelmtwoentheactual
downwashmoasuremeritsandtheveluesestimatedby l+fiting-kimecmd
thin-airfoilthoorios,itisnecosearyto calculatothedownwanh
fromthesetwo-dimensionaltheories:aswellas tomeasuretho
downwashfortheelectromagnetic-mdo~model.

DownWashCalculatedbyTwo-DimonsiLm-mlTheorios

Llfttng-lino-theoryloadin,q.-Thadcwnwashcivomly the!2two-
dimensiondtheoriescorrespondingto theliftb~-line-theo.~loading
1S,of courselequaltothegcmmetricslopeofthosurf~cetimes+Ao
free-streamvelocity.Thisvaluoofdownweshino-:erj~orozero
oxcoptovertheelcmatoritsd.f.Ovexthoolevctorthedownwashis
eqyalto 8V where

.

8
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and

2rm~— ..=

andtherefore

term ofa Imnd.lElemi.o@parameter38thm
\,()a—-2rlnaxa “2 (2)

I

since
rmax. rm

cae ae
—. =—
c~a a

..
,

where

Cs=c

()CfzeFromfigure4, ~a
s max

= 0.59; for a thin airfoil,Cza= 2X;

Ce
for y= 0.5, ()‘% ~z

A=3, %.~. me
b/2 3X

andforan e21ipticwingof

ofdownwashovertheflapthere-

fore is ()
I?b— = 0.778.2r=,5
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Thedownwashcorrespondingto thespantisedistrilmtionof ‘TE
is Justneutralizedby thedownwashcorrespondingto thebound
vorticityoftheinducedload(ofangle-of-attackt~e). ThisdO%Zl-
washmustbe calculated,however,in orderto determinethenotified
lifting-line-theorydownwash.

Thedownwhsh

(
to ~T or a?
elevatorspan,a

eh?vator,a = 0.

hesultingfromaerodynamicind.ucti.misequal
Overthesectionsoft.%modelwithinthe‘e)!”..

sectionoutboardofthe

since

Theinduceddownwashova thespanoftheelevatoristhus

endoverthesectionsoutboardat theelevatoris

—..um?r=,u=-g)-.f max

Cae.
c~a

=-— —8()(-)c cue--
:s Csa

mx

(4)

Thesedownwashparametersareplottedinfigure7“.
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Mod3fiedliftimg-ldne-theoryloadin~.- Theadditionalaspect-
ratio~rectionsaredeterminedfromthedifferencebetweenthe
measuredlffting-surface-theorydownwashandthedcnmwashcalculated
fromthetwo-dimamionsltheoriesfarthemodifiedlifting-l.lne-
theoryloading.Thedownwashcorrespondingtothearbitraryfairing
ofthecontourlines(fig.3)mustthereforebe calculatedby the
two-dimensionaltheories.Becausethespanloaitln~wasnotchanged
by thearbitraryfairing,thecm.qonentof do~mwshcarreep~dingto
the spanwisedistributionof r~ (equations(5)ma (4-))iS
unchanged,Thechordwisedistributionbetweenthestations~ =0.70

b/2
EKiLJ- = O.5 wasaltered.

b/2?

Theprocedureused.in calculatingthechordwtisedistributionof
thedownwashwastoplotthemagnitudeofthealteredcontourlines
againstthechordwisepositionfna fmm similar to figure5. The

/curveof P 17mx thusobtiinedcrinbe inte~-e.tedhy meansofthe
Biot-Savart”lawto obtainthedomwashatanypoint + .asfol.lows:

Thecmwe of r r=I
se~nt of’thecurve

1 (G2’)%—-.—
b/2

Ii(r/I’&)

d~
b/2

d=
b/2

wasintegratedby assumin~thateachsmall
couldbe approxlmrbedsatiafactailyby a

(5)

prabola~ Efpocedux-estmikr to thatpresentedinrefer&ncO3.

Thesumof the downwashdueto the boundvortfcity r/~_
givenby equatton(5)andthedownwashinducedby thespamclsedis-
tributionof rm (equations(3} and(4) ) @ves the incremental
do~~~h causedby modi~g thecontourfinesoffQxre 1. ~e
incrementalvalueswiththegeometricdown-washgivethetotal
modifledlifting-~e-~heory do~sh.

Valuesofnondimensionaldownmshforthefirst-approximation
ormodifiedlif%in~-line-theoryloadingSNepresentedinf’j.gure8.
Thedownwashcurvesareratherirregular,asmi@t be eqected,
sincethefaringofthecurveof P l?- wasdoneentirely

/
arbitrarilyandanyslighterrorsinthiscurveshowup to a very
ma~ifiedscaleinthedcwnwashcurves.
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DownwmhMeasmxmmrtsfrom131ectronagnetfc-AnaloWModel

Thema~etic-field.strengthofthed.ectrma.gnetic-analogy
model”wasmeasuredatfourorfiveverticalhei~b%,25 spanw.:.se
stations,andfrom25to 60 chordwisestatione.A numberofrepeat
testswereread.et.ochecktheaccumcyofthomec,surments,and
setisfactcmycheckswereobtained.

Themeasureddatawerefaired,extrapo.1.atmd.to zerovertical
height,anticonvwtedto thenondtiensfondtlownwzmhfunction

( ‘)Wk
Lrmx~

asdiscuesedinreferenceh. Correctionsforthefinlto

lengthofthetrailingvortexsheetwerecalculatedandappliedas

()
indicatedInreference~. Thefinalcurvesof ,—.———wb \ forthe

a’miix/~
.Wo semispansworethenaveragedandarepr~amxt~d~ fi~e 9,

IimrementalValuesofDownwsoh

Shfigure10arepresentedthoincromcntalvalum ofthe

()
:?bnondimensionalaowm~~h A —~r as dotwminwiby takin~tho
llmx~

differencebetweenthelift~ng-smfaca-tlloo~v~luegofff.~e 9
andthevaluesobtainodby thetwo-d.imcneionaltimoriosforthe
modifiedLifting-1ine-theoryLoadingoffi~~o L!.“

IIEVELOTMENTC%’ASPECT-RATIOCORRECTIONl’CHIUIJi

GermralProcdure

Thoincrementallffttig-cwrface-thcol~aiypoct-rabiocorrbctfons
aredotwminodhy calculatingtheincrementofchordti.seandspa.n-
wiseloadingsthatwouldresultfroma,liftin~surfaceshapedto
correspondtothodifferencesbotwcontholHtinL-surfcco-thowy
downwashandthedownwashdeterminedfrunthetwo-dimensional
‘theories,tha~1s,theloath~sofu liftingsvm’a.cefi.thshapo
givenby lettingtheslopeofthesurfacee~ualthedownwash
distributionoffi.me 10.

Becauzmtheincrementalaspect-ratiocarrcctiormerereasonably
small,approximateformulasareusuallyumd.to ovalmtethem.Tho
~thodsandformmlasusuallyused.are@von inroforonce1 madinclude
first-ordercompressibilitycorrectio~(ref,,renco10). SomCprc-
Limi.naryccqputationsworemadebymoreo~ct nothodsforthepromnt
case,intiichthedownmashneartheelevatortiyis soirrex.
Theseprelimharycomputationsindicatedthatthocorrectionswould
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notbe givenwithsatisfactoryaccuracyunless
veriationin dommashwasused.Thefol.lcmchw

13

the actual chordtise
fomulm are there-

foredevelcpedbyuseoftih-a4dfoil-theo~~eth* (referenceslJ-
anau).

Thefol%ovin~developwntoftheaspect-ratiocorrectionswas
madebymems of incompressible-flowrelations.F~~*-or~r c~-
m?essibilitycorrectionsmaybe osthnatedby useofthelinear
~erturbatio~theoryofreference10 es

Lift

Theincrementalcorrectionto the
surfaceis

wasdonein reference16

lift of an elliptic tail

Aq
wherevalues of theparameter— areobtain6il@mm thedata

w mx
ttv

presentedin,figure10throughtheuseoftilerelationship

(6)

R)

deri~edfromthin-airfoiltheory.(Seeequation(25)of chqkorIV
ofreferenceU-.)

Evaluationof
()‘% ,= r~qtiresan esthwiticnoftherelation

.uu

betwen rmx andtheelevator deflectionb. ti accordance

()

‘eliftin~-linetheory, — = 0.59. (Seefig.4 forthis
csa

nax
particularwing-flapconib~~tion.)

with
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Thus,

NACATNNo.1275

and

[1()%c~.
k reference1 aregivenvalue6ofthsratio -

()%
Cz’IS

forfull-spanelevators.Xf theamxuwpttonismadethatthis
correctionIsapproximatelyyropo.rtionsltothoelevatorspanand
iftheJonesedge-velocitycorrectimisapyl.ied,a morenearly
correctrel.atloi~betweenI’mx and 5 ce.nhe obtainedfromthe
followingepprcximathn:

or
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I

*

and

fn.o

.

Z’ovthepresentcase of a horizmtal
0.5-chord0.8~-spanplain elevator

bV

tail of aspectr~tio3, witha

= 0.35

Theliftin~-line-theo~valueof ~ form ellipticwing
‘witha

em.

(if?)

constent-~ercenta=m-chordele~atm 3s givenby

()cL~“LL=
for a lift-curveslopeof

A+2

For tile wingun~erdiaIcuEssionwith

= 2.87
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If it is assumedthattheconceptofan effectiveedge-velocity
correction (see reference S) canbe used in thepxrtial-span-flap
cese~then

9*93X 2+lj)c%A Q*93(n+ 2)A

(%)c = —— = = 2,52
LS A-EC.-!-2 A%f+2.

whichgives for 13ef a valueof1.23.T%us,forsectionslopesof
theliftcurvenotequalto 2n,thefollo%dngasm.mrpti.onmayhe
made:

Ein~eMmment

DcAerminationof
( )~%5L ●- Thelifting-surface-theoryhinge-

mcmmntparsmeter
()%8 ~~ isgivenby thee~~ression

13Gcm,zsetheccmtourllnosovertheelevator~rere
tho~eccmqutedforthelifting-line-tlneoryLoad,
theoryvalueofthehLnL%.:‘fmentcoefficientfor
is identicalwiththatfortheremodifiedload.

(15)

notel.teredfrma
thelifti~-line-
themoaifiedload
Thisvalueis



17

Fromthedmnwwh CVWP53of flgvre7 theintegralmaybe evaluated
es 0.2215. This evaluationassumesthespan-lQadcurvetobe
unchan.%dby mm-n changesIntheslopeoftheliftcurve.?3qua-
tion(15)marbo w..ittenas

(17)

Thelif tin~-surface-theorycorrectionto the slope of the
hingemcmm.tagainstelevatordeflec’ci.on &h.

() is equalto the
Qix

bin@ mcmentcf a 50-percent-chcrdelevatorona surface, whichis
givenby the di?fowsncein tie neemured&owrnmchandthG liftin~-
lino-theorydownwash(fig.10). Overmostof‘thewin~,theclifference
in dowma~his oqu.ivalontto a parabolic-arc-camberairfoilat an
angleofattack.

Thohinge-mcmentcozzuectionsareccmputedby
theoryformulaintwmpazzts(seereference 1) as

thin-airfoil-
fOllowa:

(%1,)==p%.Jki+(f%,),c

T’heincrement()‘%, ~ is obtained.fromtheinduceddownwash
.

(18)

at the

0.5-chardpoint.~lei~cremen~
()‘% ~ isnota streamline-curvatue

carrecttonin thesenseusedinreference1, sincethedownwashcurves
neartheoutbciardendof +keflapdefinea somewhs,iirrego.larsmface,
nGta pa,rabolic-hrcsurf~,?e. Tflehinge-momentcorrectionsestimatedby
thetwomethads,althoughappreciable,arenottoogreat;therefore,
forthepurposeof simplifyingLhesystemofnotationandinorderthat
tineviscosityefficiencyfactcrq forparabolic-arcairfoilscan
be ueed.forthepresefitcase,thesymbol

()
“Ac~5SC isusedto



. .

-,,m

itintiryth.g~rtofthecorrectionnotgivenby (N~5)%. l%emmerl.calv~luesof (~)~c POa

execcmputed~however,~a~tieactmlUstoti.ulsurfsce.

The induced-an@-of-attackcomecticmis

(19)

If the value of i% is @ven in%rms of theincrementofdownwaahpemmeteratthe

L)lib r mnx
c/2 Stattm Al — — and the value of 5 w oWAne13frm equat:on(10?,the

2J7 w
c/2

followingequationisobtatie~

By the use of the dataoff%gure10 the intqyal km evaluated;

(%)% = -o.o17c~

z
o

hence
S

(21)

. . , . * ,
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wherevaluesoftheparameter

presentedinfIgzzze9 bymeansof th9 relaticn

Nlmerical

figureU
( )!hh

valuesof the ~arameter — ere presentedin
abt R~cpv

fora O.5-chordplainelevatoras calculatedfromthe
tk~n-alrfoil-theo-ryformulasofreference 1.2● For flaps with
overhangorinternalbalances,thechangesinthepuabolic‘arc

factor 3? ofrefe~ence1 wtththeamountofbalancecanbe

usedas~ fat;measureofthechengeswithoverhengofthevalue
of

()‘% SC determinedfrcmequations(22)and(23).

Fora horizontaltailsurfaceofaspectratio 3j @th O.S-chora
O.b-spanpla+aelevatorhavingan assmnedvalueof Cz = 2X

a
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framthesectiondatawitharbiti-aryvaluesof Clm, ~
() Cz;

and cha thefollowingexpression my be used:

(%)T=--5=ch-
3-i

“ +r. “---.,
c-,“ill

Cha- @.04&7

( /)2Cec

—

.,



Valuesof.[()A& -1 and()~‘%?tl.l-span
arepresentedIn

am.

fromthecurvesused.in &Mmat3ng thecorrectionspresentedin
reference22 aregiveninfi~-e 12.

COMMH,SONOF~CXSIE3?AC2M33ZO=”RZHILT?S

WITKWIZD-TUNEELD.U%

Thedifferencebetweentheaspect-ratiocorrectionsforfuJ2-
spanel.evatorsandpa-%ial”.epanelevatomcanbe determinedfrcan
thewind-tumneldatapresentedinappendixA fora condition
directlycoqerahl.etothecaeeconsif.eredInthepresentpaper

co 30 -
(A= ~, ellipticplanform, — . O.~, and — = 0.85).b

c b
reterence1, smuer3dfficultywasencounteredW checkin~the
eccuracyofthetheoreticalaspect-ratiocorrectionsagainst
experimentalwind-tunneldatabecauseOSthescarcityof comparable
sectionendfinite-spsndata.E~Gn‘~esli@t surface~rre~-
~~~ftie~ob~fi~ in ~~~t~cti~ oft~ ~ffere~t~~~ caused
largeenou@ chengesW themeaemedIu@e moment=sot~lxitths
accuracyofthe%hecretIcd.espect-retloco_xrectionswasdifficult
to evaluate.Theeccuracyof cliec~ thetifl?e~enc~inthe
correctionsforthefl-~l-syanelentorandthepartfal-spanele-
mtor, howmver}shcu:,~ bs‘.>olativelywad atncethesamemodel
::asusd.forbothtests;thetipoftheelevatorbetigf%stened.
to tiieelevatorin onecaseandto thestebtlizerIn thoother
Case.

IntebleI ispresented.a s~ry d theli2tandhLnge-
ncmentpammotez-szxmsuzzedfrcmthewind-tunneldataoffigure13
.mdestimctetbymoansof lifting-lineandlifting-surfacetheories.
NO lll~UeSwereest~ted f~ ‘deele~et~w~_thcUt-oU~.~
tableII theizmrementaldifferencesh theparametersfortho
full-spa-iiandthepertlal-spanelevatoraregiven,andintableIII
%holtftandhinge-mmnentparanetarscause&by cut-outare@ven.
Fortileliftparameterskoth+Aeoriesprodictdapproximatelythe
co~fe~%increment;howmmr,thosloyeofthehlngo-manentcoeffi.
ciontagahstelemtordeflectionestimstedby lifting-surface
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theoryisinmuchbetteragreementwiththec~crimentalvaluea
thantheslopesestj.matedby liftin~-linetheory.

Onlyabout10percentoftheincremental.differenceforthe
slopeoftiiecu~ve ofh~nge-~cmentcoefficient egainstelevator
deflectionis @ven ky ltftln~-l~ae theory;thetOt81liftillg-
sv~faco-theoryincreman.tis -0.CC09yerdo~~cefor the cotiigwa-
t:-~n~o~~i~-eredherein.

Theeffectsofthecut-out,especiallyv.pcmthehing6-mcmont
characteristics:wereextremelylmge (seetableI)and no adequate
theoryisavailableto estimatetheeffectsofthecut-out.Xn
additicn,verylittleexperimentalsectiondataam mm.ilablefor
ajrfoilsecti~ssf~l~rtc thoseattieat-out. Thelargeeffect
ofthecut-outindicatesthatliftin~-surfece-theorysolutionssuch
as aregiveninthepresentpeperandinreference1 aredefinitely
limitedto tailsurfaceswithoutcnt-outsaswellas to smallangles
ofattackandsmallelevatordeflections,

CONCIL%DDTGREMARKS

An electrcmapyetic-ando~modelofthowstex had, esti-
matedfromlifting-linet:morywithanarbitraryfairingMar the
elevatortip,ona thin:>iiipti.chorizontalteilsurfaceofGspcct
rGtio3 withQ 0.5-choimd.O.%-spanplalnolevetorwusconstructed
andtested.Theaepoct-ratiocorrectionsto thmliftandhinge
momentswerecslcul.atedfromthemeasuredrooults.

A co~~r~sonofthoasy~ct-ratiocorrection.sforthGyartial-
spanelovetorswaamde w~ththosepreviouslyprcsGntedfGrf~-
spanelovatora,TheconrpmisonindtcatesthattheIncrcnental
differenceintheliftparameterbotwcenthefill-spanandthe
partial-spanelevatolwmy be estimatedsatisfactorilyby lifting-
linetheory,Thoincrmncntaldifferenceforthucurveofhinge-
m~mentcoefficientagainst~n~tijof~btackisucl~fillys~].1.

OnlyaboutlC p~rc~ilt oftheincrcmmntalMffcronccforthoslope
ofthecurveofhinge-mcmc,ntcoofficimtagainstel~vatordeflec-
tionis~ivonby lifting-linothGm?y;thetotallifting-surface-
theoryincrementis -0.0009pGrdegreefortheconfigurationcon-
sidm?Gdlieroin.

Wind-tmielresultsfora tailsuzzfaccofthosam @an form
WGrepresGntefl.Thedifferencesinthoeati~i?tedl.ifting-surfaco
~spoct-ratiocorrectionsforthefull-spanandpartial-spenelG-
vators}mrecllGckodsatisfactorilybytheexperimentaldatatA
fewtestswitha cut-outfortherudderwarealso-proscnted.The

.

“

I
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ei?fectsofthecut-out,espectall.y..uqyxnthehinge-momentcharacter-
istics,werae~eme?.ylargeCC&!no ade{luatetheoryismnd.lable
to ewtimatiethoeffectsofthecat-out.Thelargeeffectcfthe
cut-o-utindicatesttitliftjmd-s~~face-tieol~solutionssuchas
aregiveninthepresentpayeran~puetioufllyare&efinitelylimited
tatail.swrfecesw:thcntcut-outsaswell.as tc 3malJ.anglesof
ettackandsma?.1elevakordeflections.

Zan@eyNe?norialAer.m~ut:wlLaboratory
Xaticn.alAd.vieo~~C!G:-mittseSorAevonmttcs

LangleyField,Vs.,Awyst 20,l%
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APEENmxA

Thetestl’esultspresentedhereinwereobtained.to checkthe
theoreticalchan~esintheespoct-ratiocorrectionsresultingfrom
theuseofpertial-spenele<-atme.Theeffectofa ruddercut-out
inthea16vatorwasalsotestedtofindouttheorderofmagnitude
of sucha modificationoftheel.evetor.

...pparetu~.Model,Corrections,andTests

Alltestsve~emadeinthoLc.ngleyh-by ~-footvertical
tunnelmoddfieden dmcribodinreference13. TILoellipticsczniqmn
tailsum~ace(fig.14)waaconstructedoflaminatedmahoganyand
c~lfoi~edto theNAG-40009profile.Xntlmpresentinvestigation
onoelevatorvitha chord50yrrcentofthatailchordv,zaGtested,
Thiselevatorhadc plainrc.div.snosevttha gapof0..5porcontof
tl~~aj,~foilchord.Tii~uodolwasequippedvzltha removablecut-cut
blockandan elcv~tortipblocksothetthefourmodelconfigurations
showninfik~nwlh couldbq obtained.Theelevatortipblockcould
be festenedtotheelevatorortothomainpertofthetailsurface.
Thetrailing-edsean~e cfthemodolmeasures11.1”,whereasthe
theoreticaltrailing-edgenglm(frmthe publishedordinates)
moa~uresll.~”fort.hGNAGA0009airfoil.

Thetailmrfacoms ln6talledas a reflection-planemodol
bymountingthomodoiti~ththerootsectionadjacentto oncofthe
tullulelw.lls.ThissystemisthereforeanclogouotomOUntin~ar
d-fcot-spanmodolinan~-by ~-foottunnel.Thomodolwas
supportedby thebalancefrcmoe~thattheliftactingonthe
modelcouldbemensured..Th~~ap betl,mon tk tl~d w2~ Lllld‘GhO

root mction waafibout1/32 inch.

Thegreateryartof’theelevatorhingeracment(trmsmlttcd
idwou@ a torq.uotube]m.smeaswedby qplyingmi@ts at a kno~m
lever armoutsidethetunnel;thoadditionalincranmntwasmoesured
~~iths calibratedMal sttachcdto a longfloxiblotrrquerod.

.

.
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.

.

.

Eachmodalccmf-lgwaticmwastestedwiththe~y c~enatiwith
tilegepsealed.TheseelWESnub of Impregnatedf~hri,c.Themodel
wastestedthroughansngle-of-attackranb~ofA20°withelevator
neutral,&ndat zeroon@e ofattackthrou@an elcwator-deflection
ran==f%n -5°to 30C.

A dynmicpresavrsof 13 ponndsper squarefcmt, %Mchcorre-
spondsto anairspeedof 73.zrlles~er hou~at standardse&.level
cczvl~tions,wasmaintainedfor all tests. Thetest Rqnoldsnucikr.
was1.43 x 105 based.cn e ?aeanaerodynamicchcrdof 25.81 incha~.
Theeffective Rqnoldenuiber(for mssim-mlift coefficients)was
appzwximatdy2.76 x 106basadona inullnilense$actorof1.93 for
this tunnel,

No correctionwasrELeforIeakzgoarcmd themodelsupport.
Thefollowingtumnel-wd.lcorrections wers a&dedto the data:

(full-spanelevatorwithoutcut-cut)

(i%ll.1-spaneleva*Grwitiacut-out)

(pSfi!al-SpSnelevatorlfithc~tc~,,t-o~t)

(psrtial-spsnelevatorwithcut-out)
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Data

!!heliftandelevatorhinge-momentcheractwisticsof the
mo~el.tewtedarepr9wnMi in fi~yra13, Thevsriouspwemetera
arepresentedin tableI. Thoslopesweredeterminedforthesmall
an:~e-of-etteckanddeflectionrange.



NACATNNo.1275

AWENDIXB

.

Becausetheaspect-ratfo corrections@ven in the p?esent
paperandin reference1 are obtainedfroma Mnearlifting-surface
theory, it Is possible to supel-~posethe Mfting-swface-theory
solutionsandthus obtati the solutionfor 0.5-chord0.17-span
feeler atleronsona wing of aspectratfo3. Of course,the
arrangementobtainedby the use of superposit~on@m.zlatestwo
ailerons? oneon eachwingtip, deflectedin the sameway. A few
calculationsimiioatethat the mutualinfluenceof the aileron8
uponthe hi~e-ntomentcharacteristicsmay,however,be safely
neglected..

Detailedcalcuktions of the aspect-ratio correctionsfor
this arrangementare not presentedbecausetho procedureis similar
to that used forthepartial-spanelevatorsas giveninthemain
partofthepaper.

Bec~usethedataarefora ratherIowaspoctratiofora
wing (A= 3), the results for the feeler aileron s~ema.hlyof
comparativevalue. Theincrementaldifferancobotwcentheestimated
finite-spanvaluesandthesectionvaluesof thehinge-moment
parameters(nordegree)forthefull.-spanelovwtor,the0.85-sman
elevator, andthe 6,15-spanfeeler ail&on are as follows:

.-

Confiu~ation %a ‘h8

?iRiL1-spanelevator o.Ocm 0,00’53

O.~-syanelevator .0059 .0062

0.15-spanfeeleraileron .Olok .009
I

I

wherethesectfonvaluesare

cha= -0.014
and

Ch = -0.ozoka
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Theaspect-ratiocorrectionsforthecaseofthefeeleraileron
areabout70-pementlar~e~:thanforthoczseof thefull.-spc?nele-
v3tor. Theratheula~}ge~.Luesoftheaapect-rat~ocorrectionsare
shownespecially for thasspect-ratiocorrection to C&s whj.cilis
eqU31tOtheSeCtiGnVa.lUe,soth~tthenetValUeOf ~h~ eqLUal.so.

.
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Figure 6.- Electromagnetic-analogymodel simulatinga thin
elliptictail surface of aspect ratio 3 with a 0.5-chord
0.85-spanplain elevator.
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NACA TN No. 1275
A

Fig. 13b cont.
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Fig. 13bconc. NACA TN No. 1275
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